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Abstract

In this study, a desorption electrospray ionizatiogh resolution mass
spectrometry (DESI-HRMS) screening method was ageal for fast identification of
veterinary drugs in cross-contaminated feedstutf reliable detection was performed
working at high resolution (70,000 full with halfaximum, FWHM) using an orbitrap
mass analyser. Among the optimized DESI parametieessolvent (acetonitrile-water,
80:20, v/v) and the sample substrate (poly-tetrafluoroethg/ldTFE) were critical to
obtain the best sensitivity. To analyse the saedf samples, different approaches were
tested and a simple solid-liquid extraction anddinect analysis of an aliquot (2 pL) of
the extract after let it dry on the PTFE printecbtsprovided the best results. The
identification of the veterinary drugs (target ammh-target) in the cross-contaminated
feedstuffs based on the accurate mass measuremertha isotopic pattern fit was
performed automatically using a custom-made databaBhe positive cross-
contaminated feed samples were quantified by ubigh- performance liquid
chromatography-tandem mass spectrometry (UHPLC-M&J/Mhe results obtained
demonstrate that DESI-HRMS can be proposed ag aridssuitable screening method
to identify positive cross-contaminated feedstuéfducing the number of samples to be
subsequently quantified by UHPLC-MS/MS thus impngyihe productivity in quality

control laboratories.
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1. Introduction

One of the most effective ways for farmers to adstén medicines to the
livestock after veterinary prescription is by medexd feed. The production and
marketing of medicated feed are regulated by th@fgan Commission [1] and many
European countries have implemented residue mamgtg@lans to control the illegal
use of these substances in feed and the misusglarsed veterinary medicines, and
to minimise drug residual occurrence [2]. The Eeap Parliament and the Council of
the European Union have established, under the |&egu 183/2005/EC, the general
rules to control feed production and their manufang conditions, thus ensuring the
traceability of feed [3]. Despite the requiremesét for feed business, multi-product
plants manufacture both medicated and non-medidatetliin the same production line
[4, 5] and, under practical conditions, during flneduction a certain percentage of the
previous batch remains in the production circuibteminating the subsequent feed
batch. This “carry-over” or “cross-contaminatiors’ iecognized by the Current Good
Manufacturing Practice Regulations (CGMPR) whiclquiees adequate clean-out
procedures to prevent the “unsafe” contaminatidns Tross-contamination may result
in the exposure of non-target animals and, as aezprence, potential health risks for
these animals as well as the presence of residuarmmation in food products might
occur. Several studies have shown that productigmresmixes and composed feed free
of contamination is, in practice, very difficult the existing multi-product plants [5]. If
the drug carry-over results in the unsafe contatmnaof other medicated or non-
medicated feed, it constitutes a violation of th@xmmum limits established by
Directive 574/2011/EC [6], resulting in adulterafedd.

To increase the productivity in agricultural andbdolaboratories the rapid
screening of (il)legal preparations to identify er@tary drugs in feedstuffs is widely
demanded [7-13]. Today, liquid chromatography cedpb tandem mass spectrometry
(LC-MS/MS) is the techniqgue most currently used fbe determination of drug
contamination in feed samples. However, the conifylesf feed samples requires
extensive and time-consuming sample treatment potsdo provide clean extracts to
be analyzed by the selective target LC-MS/MS meth@] 10, 12-16]. In the last
decade, the introduction of high resolution masscgpmetry (HRMS) has improved
selectivity and specificity of LC-MS methods. Howeeyonly few methods have been
published until now regarding the analysis of feathples by LC-HRMS [17-19].

The recent introduction of ambient ionization taglies in mass spectrometry
such as desorption electrospray ionization (DE30)] and direct analysis in real time

3
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(DART) [21] open the possibility for the direct dysis of compounds from the sample
acquiring the mass spectra from bulk samples iir tiive state and without sample
treatment or chromatographic separation [22, 2B @&nalysis is performed in few
seconds, which is a significant advantage when emetpto conventional analytical
methods. Particularly, in DESI a spray of chargedidl droplets is directed to the
sample creating a solvent film on the surface. Haurtroplets hit this film splashing
secondary droplets containing the analytes intonthes spectrometer [25]. Since their
introduction, ambient techniques have been appitednultitude of fields, such as
environmental [24—26], food [27-29], clinical diagis [30] and forensic analysis [31].
Nevertheless, only few papers described the usentient techniques for the analysis
of veterinary drugs [33, 34]. DESI-MS has been mpgblfor a rapid screening of
hormones and veterinary drugs in samples from &ecdnvestigations using an ion trap
(IT) mass analyzer, although authors indicated difculty to detect tetracyclines
under the DESI-MS conditions used [32]. MoreoveART-HRMS has been applied
for the target analysis of coccidiostats in feeahgl@s using an orbitrap mass analyser
demonstrating the feasibility of this ambient tege to quantify these analytes at the
levels established by the EU legislation [33].

The aim of this work is to study the applicabildy DESI coupled to HRMS
(orbitrap) for the fast screening of veterinarygiun cross contaminated feed samples
in order to improve throughput analysis and prohigtof feed control laboratories.
For this purpose, the most critical DESI-HRMS warkiparameters are evaluated and
discussed. A home custom made database with massapnformation of veterinary
drugs is used for the fast identification of targetmpounds and suspect cross-

contaminants.

2. Experimental
2.1 Chemicals and materials

Nine veterinary drugs were used as model standardshe optimization of
DESI parameters. Diclazuril (DIC), narasin (NAR)pmensin (MON) oxibendazole
(OX1), amoxicillin (AMO), lincomycin (LIN), tiamuln (TIA) and spiramycin (SPI)
were purchased from Sigma-Aldrich (Steinheim, Geryhavhile tylosin (TYL) was
purchased from Rikilt (Wageningen, Netherlands).tii¢ standards were of the highest
purity available. LC-MS grade methanol (MeOH), acdtrile (ACN) and water were
supplied by Sigma-Aldrich (Steinheim, Germany) asllvas formic acid X99%).
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Nitrogen (99.9995% purity) used for nebulizatiors geas supplied by Linde Group
(Barcelona, Spain). Individual stock solutions (@ mL™) were prepared in MeOH and
stored at 4°C, while the working standard mixtungsre prepared weekly by
appropriate dilution in ACN.

2.2 Desorption Electrospray lonization-High Resolubn Mass Spectrometry

A desorption electrospray ionization (DESI) souf€&@mnispray lon Source,
Prosolia Inc., Indianapolis, IN) equipped with ad inoving stage and coupled to a
quadrupole-orbitrap mass spectrometer (Q-Exactiveermo Fisher Scientific, San
José, CA, USA) was used in this study. DESI solyacetonitrile:water, 80:2@ V) was
infused by a syringe pump at 2.5 uL miand N gas was used as nebulizer gas at a
pressure of 9 bar. DESI solvent was directed dmeosample surface at a nebulization
capillary angle of 55° and a distance~®2 mm between the mass spectrometer inlet
and the spray tip. The electrospray voltage was8 #4/ (positive/negative). The
transfer capillary temperature was set at 250°Cm@des were deposited onto
microscope glass slides of 7.1 fmpolytetrafluoroethylene (PTFE) (Teflon, McMaster-
Carr, Santa Fe, CA, USA) printed spots. The Q-HEwactnass spectrometer was
operated in positive and negative ion mode witlmnmé scan range of 100-1,000/z
Omni Spray ion source softwarg2.0 (Omnispray lon Source, Prosolia Inc.,
Indianapolis, IN) was used to control the DESI seumwhile data acquisition and data
processing were performed with Xcalibur softwe2e2 and Exact Finder softwavg.0
(Thermo Fisher Scientific, San José, CA, USA), eetipely.

To control the reproducibility and to determine thiéial DESI conditions, a red
permanent marker (containing rhodamine-6G dye) lmged from Fine Sharpie
(Stanford Corp., Oak Brook, IL) was used. Accuratess calibration was performed in
the Q-Exactive mass spectrometer every 48 h in posfitive and negative ion modes.
For positive ion mode a calibration solution cotisg of caffeine, MRFA peptide,
Ultramark 1621 and n-butylamine in acetonitrile/haatol/water containing 1% formic
was used, while for negative ion mode calibrationigture solution containing dodecyl
sulface, sodium taurocholate and Ultramark 162haatonitrile/methanol/water with
1% of formic acid was used.

2.3 Samples and sample preparation
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Feed samples, collected from farms and feed nilist were received by the
Laboratori Agroalimentari of the Generalitat de Catalunya (LAC) for their analysis by
UHPLC-MS/MS [10] were used to demonstrate the appility of the DESI-HRMS in
this study.

Feed samples were extracted using a simple andsédist-liquid extraction
procedure. Briefly, 2 g of the sample were plaged iL5-mL polypropylene centrifuge
tube and were extracted for 15 min in an ultrasdath (Bransonic B-5510, Soest,
Germany) using 5 mL of a mixture of acetonitrilefera(80:20,v/v) acidified with 1%
formic acid. Finally, the extract was centrifuge®kelecta-Macrotronic, J.P. SELECTA
S.A, Abrera, Spain) for 1 min at 3,500 rpm and 2qgilthe supernatant were deposited
onto the PTFE printed spot and let it dry for 5 ratnambient temperature before the
DESI-HRMS analysis.

3. Results and discussion
3.1 DESI-HRMS

Nine veterinary drugs (macrolides, coccidiostats] benzimidazoles) were used
as model compounds to evaluate and to set up ti&l-BRMS working conditions.
Standard solutions in pure acetonitrile (10 pg'inere deposited on PTFE surfaces
and DESI full mass spectra were recorded using potitive and negative ion modes.
Fig. 1 shows the mass spectra obtained for a stamadixture where MON, NAR, TIA,
TYL, ESP, LIN and OXI were detected in positive iarode mainly as protonated
molecules [M+H], except MON and NAR for which sodium adducts [M}Neere
observed. Regarding DIC and AMOX, they were onliedid in negative ion mode as
deprotonated molecules [M-H]Additionally, the DESI-HRMS analysis of individua
standard solutions indicated that no significansoarce CID fragmentation and other
adducts formation were expected for these compouallisving us to assign one ion
(isotope cluster) to each veterinary drug durirgggbreening.

The DESI-HRMS screening of veterinary drugs in feathples was based on
the accurate mass measurement and the isotopenpdiibution of the detected ions.
Orbitrap can operate at a mass resolution high giméa prevent possible endogenous
matrix interferences without sacrificing sensityiHowever, a compromise between
acquisition duty cycle and mass resolution was s&a® to provide both accurate mass
measurements with mass errors below 5 ppm and &énsagsitivity to detect the
analytes in the complex mass spectrum. To selecivtrking mass resolution, a blank
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sample extract spiked with the nine veterinary dr@@0 pg mr) was analyzed at
values between 17,500 and 140,000 FWHM (full wittdf maximum). All target
compounds showed a drop in sensitivity when workatgve 70,000 without any
significant improvement in mass accuracy. Thuss thniass resolution was used for
further screening analysis.

Moreover, the sensitivity of the DESI-HRMS methodoadepended on the
number of ions accumulated inside the orbitrap als®h on the accumulation time
applied. Since the automatic gain control (AGC)alhm controls the number of ions
inside the orbitrap to prevent space charge effabts injection time (accumulation
time) had to be optimized. Thus, the AGC was kepistant at 1 x 10and the injection
time was varied between 50 and 500 ms. The besalswas obtained for 300 ms as
injection time. This relatively high injection tinemmpared to conventional ESI is due
to the low ion intensity generated in the DESI psxthat required longer injection

times to accumulate a number of ions high enougibtain a reasonable spectrum.

3.2. Optimization of DESI working conditions

To maximize the DESI signal, two main groups of kiog conditions must be
optimized. The first group comprises those condgiaelated to the electrospray
process such as nebulizing gas pressure, eleasosplvent composition, electrospray
solvent flow rate and the substrate/surface. Theorsk group is related to the
geometrical DESI parameters that include the neatitin capillary angle, the tip
distance to the sample surface and the distantleetonass spectrometer inlet. Initial
DESI conditions were established using rhodamingaining marker and the most
critical DESI ion source parameters (nebulizatiapiltary angle, tip distance to the
sample surface, distance to mass spectrometer mdbulizing capillary gas, solvent
flow rate and capillary voltage) were individuathptimized using blank feed extracts
spiked with a set of veterinary drugs (10 [i%9.g

It has been demonstrated that the sample surfabstfate) plays a crucial role
in DESI performance. Since the DESI process inwlttiee landing and release of
charged particles on a surface, the fundamentalires of the solid surface, including
its chemical composition and texture, severely ciftbe energy and charge transfer
processes and consequently the ionization effigiemdESI. Thus, several important
parameters such as limit of detection, signal Btgpcarryover and reproducibility of
the DESI method can be influenced by the surfadg. [[B this work, three different
surfaces were tested as substrates to analyzedspdetonitrile feed extracts: glass,

7
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filter paper and PTFE. The highest and most stsigieal was observed when using the
PTFE surface. In filter paper worse reproducibitityan in PTFE was obtained, which
can be due to uneven distribution of the analytes the surface caused by
chromatographic effects that occur in the courst@folution deposition [35].

DESI solvent composition and analyte solubilitytie DESI solvent have an
important effect in both desorption and transfeadlytes from the surface to the mass
spectrometer. DESI solvent composition stronglye@f electrospray droplets
formation influencing the primary droplets size ahd droplets charge, as well as the
focus of the spray. Additionally, DESI solvent camsfion could favor the extraction
and electrospray ionization of the analyte. To cteflee most adequate DESI solvent,
different solvent mixtures of methanol:water andtanitrile:water and the addition of
formic acid to promote the protonation of targempounds in positive ion mode were
evaluated. As an example, the effect of the DE®&estt composition on the ion signal
intensity of MON, NAR and TIA in positive ion modead DIC in negative ion mode is
depicted in Fig. 2a. As can be seen, the compasdfahe DESI solvent dramatically
affects the compounds signal. The highest sigriahsity, in both positive and negative
ion modes, was achieved when using acetonitrilewdthe increase in the compound
response may be due to the higher solubility ofahalytes in the acetonitrile:water
solvent that improves the transfer efficiency oé thnalytes into the secondary ESI
droplets. It should be noted that an important ei@ee on the relative abundance of the
ions generated from the veterinary drugs was olbslewhen adding formic acid to the
DESI solvent (Fig. 2a). These results were expeitteseterinary drugs such as MON
and NAR because the ion abundance of [M+Ntije base peak in the non-acidic DESI
solvent, can decrease due to the competition witkH]™ ion generated in acidic
medium. For acidic compounds that ionized in negation mode generating
deprotonate molecules [M-H]the ion signal also decreased when using acithen
DESI solvent because the neutral species are favarehe liquid phase. However,
unexpected results were observed for basic commosndh as TIA, for which the
acidic media should facilitate the protonation oblgtes in positive-ion mode. This
might be due to an increase in the DESI droplet saused by the enhancement of the
surface tension produced by the higher ionic strenfithe acidic DESI solvent (formic
acid), in agreement with the results obtained bge@et al. [36]. Moreover, the effect
of the organic solvent percentage of the DESI sdlem the ion signal intensity was
also studied. The ion abundances observed for eachpound using different

acetonitrile:water mixtures are shown in Fig. 2Bl dompounds studied showed a

8
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similar behavior. The ion signal intensity increcséhen increasing the organic solvent
content from 50% to 80%. This could be explainedtiy highest solubility of the
analytes in the enriched acetonitrile solvent nrxtuNevertheless, the ion signal
intensity dropped when using 90-100% acetonitrrigbpbly due to a worse wettability
of the surface when using a solvent with lower bythilicity (> 90% acetonitrile). The
optimal conditions, acetonitrile:water 80/20V), were supposed to be satisfactory for
the other veterinary drugs with similar physicockesh properties to the chemicals
studied.

The DESI solvent flow rate and nebulizing gas pessffect the wetting and
the flow dynamics on the surface as well as the aizd velocity of the electrospray
droplets, thus playing an important role in bothization and desorption of analytes
from the surface [37]. In this study, these paramsetwere optimized using the
previously selected DESI solvent (acetonitrile:wa@/20,v/v). The gas pressure was
tested within the range of 7-10 bars and it waseniesl that when working at gas
pressure values below 9 bars the intensity droppkis. might be due to the formation
of electrospray droplets of slow velocity and te tipeneration of secondary droplets
with less kinetic energy to escape from the surfétecontrast, when applying a gas
pressure of 10 bars the signal also dropped prgdadtause the high gas flow rate
pushed the secondary droplets back to the suréackng to enhance droplet splashing.
Regarding DESI solvent flow rate, it was variednird to 5 uL miit and it was
observed that when increasing flow rate the signaroved probably due to the better
surface wetting. Nevertheless, a wider surface araa eroded thus worsening the
spatial resolution [38]. As a compromise betweersiiwity and spatial resolution a gas
pressure of 9 bars and a DESI solvent flow rat2.5fuL min' were choose as optimal
working conditions.

To optimize the geometrical parameters we usedaitete:water (80/20y/v)
as DESI solvent. The position of the spray tip lfbweithin the spray head and relative to
the surface area) is critical for a successful D&&hal. Thus, the nebulizing capillary
angle @) and the tip distance to the sample surfagg lfdve direct effects on the
ionization process, while the distance to the nsgestrometer inlet ()l have important
effects on the ion collection efficiency and, henme the sensitivity of the method. The
effect ofa on the DESI signal was evaluated by modifyingittdent angle (45°-75°)
of the electrospray tip relative to the surfacet tblaanges the impact angle of the
droplets on the surface. The highest intensity eeserved for an value of 55°, which

is generally used as optimum value in other DESlliegtions [39]. The dand d

9
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values were varied from 1.5 to 4 mm and from 4 @onim, respectively. For a DESI
solvent flow rate of 2.5 pL mihthe closer was the sprayer to the surfagg (tie
highest was the signal, being 1.7 mm the optimlleséor all the analytes. Moreover,
for dy the best response was observed at 5 mm when amgalya spiked feed extract.

3.3. DESI-HRMS analytical performance.

The complexity of the matrix and the wide polangnge among the different
chemical groups of the veterinary drugs make thayars of feedstuffs a challenge.
Different sample manipulation strategies were eatgld to screen veterinary drugs in
feed. Because of the powder nature of the feed Isgngtudied, the direct analysis by
DESI-HRMS was not possible. As a first attempt, pvepared pressed feed pellets of
1.5 cm in diameter using a manual hydraulic presgdt a smooth surface to be
screened by DESI-HRMS. However, the dusty texturehe feed samples made
difficult to obtain good results because of the dgimg of the feed pellet surface by the
nebulizing gas and the contamination of the masxtepmeter transfer line by the
powdery sample. To enhance the pellets compacttissent pressures (from 10 to 15
tons) were tested as well as the addition of bacid to increase pellet agglutination,
although no significant differences were observed.

As an alternative to the direct analysis of the ansurface, a simple solid-
liquid extraction procedure was considered. Seveaahple extraction multi-analyte
methods based on organic solvent mixtures have tdeesloped for the detection of a
wide range of veterinary drugs in animal feed byM€& [12, 13, 17, 40] manly using
acetonitrile and methanol. Hence, the behavioubaih solvents for the analysis by
DESI of feed samples was tested. For this purpoblnk feed extracts extracted
individually with these solvents and spiked witl thine representative veterinary drugs
(10 pg &) were deposited onto a PTFE surface after letyitathd were analysed by
DESI-HRMS. The results showed that higher ion isit#s were obtained when using
acetonitrile as extraction solvent since methanay nmextract too many matrix
compounds that can cause ion suppression. In cbnt@aetonitrile allows protein
precipitation and enzyme denaturation resultingcleaner extracts. However, it has
been described that the use of only organic satvdatetonitrile, methanol or
combination of both) at different percentages, tedow intensities for non-ionophore
coccidiostats (clopidol, ethopabate, amprolium),crobdes and tetracyclines [41].
Moreover, some authors recommend the addition simall amount of water, up to

20%, to the organic solvent to favour the extractad polar compounds [40]. So,
10
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acetonitrile/water (80/20v/v) with 1% of formic acid recommended to increase th
extraction of basic compounds was chosen as extnasbtlvent for the DESI-HRMS
multi-residue method.

The effect of the feed matrix in the ionizationi@ffncy was tested for the nine
representative veterinary drugs. A blank feed extwaas spiked at 10 pg'devel and
then extracted with acetonitrile:water (80/2@y) with 1% formic acid. The mass
spectra of this spiked blank feed extract and ¢hgdined for a standard mixture at the
same concentration level prepared in acetonitrdgew(80/20y/v) with 1% formic acid
were compared. For all the studied compounds,dhesignal in the spiked feed blank
extracts were one order of magnitude lower thathénstandard mixture indicating that
ion suppression occurs. Even though, limits of deia (LODs) estimated for the tested
compounds were lower than 1 pg @Table 1), except for amoxicillin, for which a
higher estimated LOD value (15 pg)gwas obtained, probably because of a partial
degradation in acidic solutions, especially at lwmcentration levels [2]. LODs, based
on a signal-to-noise ratio of 3:1, were estimatg@ubalyzing blank feed samples spiked
with standards at low concentrations. For thosepmmds that the standard was not
available, LODs from sample were calculated takimig account a signal-to-noise ratio
of 3:1 and the concentration levels of veterinarygd quantified by HPLC-MS/MS.
These values are below the legal limits legisldteanost of the veterinary drugs due to
the unavoidable carry-over in the line productipry G" levels) except for diclazuril,
which the maximum residue level is legislated 81Qug g [6].

3.4. DESI-HRMS screening of feed samples

To evaluate the applicability of the developed DH&®MS method, 50 feed
samples (medicated and no medicated feed) recéiwmedLAC were analysed using the
DESI-HRMS method in order to detect those samplespected of being cross-
contaminated by veterinary drugs.

Feed samples were screened and the acquired messabpaw data were
interrogated by a custom-made database that intluotee than 60 veterinary drugs
(anthelmintics, antibiotics, coccidiostats, hormg&netc.) commonly used to produce
medicated feedstuffs. For each substance, the aamdpoame, the CAS number, the
elemental composition and the chemical structureevirecluded. The ionization mode
and the expected ions (protonated and deprotomatdelcules, adduct ions, in-source
fragments, etc.) that can be generated in the Di6Bfce were also added to the
custom-made database.

11
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Feed samples (three replicates) were submittetiedsimple sample treatment
detailed in the experimental section and analysgdhle DESI-HRMS multi-reside
method. The sample raw data files were processed tlse Exact Finder software and
interrogated by the custom-made database to autaitaidentify the veterinary drugs
in the feedstuffs. The criteria applied to confirtne presence of the suspected
compounds were the following: a mass accuracyss fean 5 ppm on the exact mass, a
minimum signal-to-noise ratio of 3:1 and an isotapsster fit higher than 80% (both
mass relative deviation and relative intensityatiéhces, for each isotope peak within
the cluster ion, were taken into account). Feedpsssnwere also analysed by a well-
established UHPLC-MS/MS method for the quantificatof the identified compounds
[10].

Table 1 lists the positive samples and the vetgrideugs identified along with
the DESI-HRMS identification criteria and the gutative results obtained by target
UHPLC-MS/MS method. The veterinary drugs at doselibetween 37-107 pgtdn
the medicated feed were easily detected by the IS screening method and only
in one of these samples (MF5) an unexpected crassimination of monensin (3.5 ug
g') was detected. Fig. 3 shows the DESI-HRMS specbfimnaransin medicated feed
where both narasin and monensin were identifieddithahally, results obtained for
non-medicated feed indicated that cross-contanwinaticcurs quite frequently and
values above the legislated levels were detecte?@B8% of the samples analysed by
DESI-HRMS. Coccidiostats (monensin, narasin, decwda, nicarbazin, salinomycin
and lasalocid), benzimidazoles (oxibendazole), anols (florfenicol), tetracyclines
(doxycycline and tetracycline), lincosamides (limsoyn) and pleuromutilins (tiamulin)
were identified in the non-medicated feed sampleacentration levels ranging from
29 to 1.3 pg §. For most of these samples, the cross-contammatias at
concentration levels close to the maximum residuels, except for sample BF2, where
salinomycin was detected at 20 i g third of the minimum dose recommended for a
medicated feed (60 pg'y[42]. Furthermore, in most of the non-medicateeds
several veterinary drugs were detected in the ssan®le. For instance, sample BF11
was cross-contaminated with tiamulin (1.7 Y gnd doxycycline (7.2 pg®y and in
sample BF13 monensin and narasin (at <ftdeyel) were positively identified. The
UHPLC-MS/MS analysis of the whole set of samplesficmed the DESI-HRMS
results and also allowed the identification of &iddal veterinary drugs at sub-pd g
level. However, these low concentration levels @mech lower than the maximum

residue levels and they are considered unavoidzaitg-over.
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Regarding the obtained results, the developed DEBWS method could be
suitable to detect cross-contamination of veteyindnugs in feed samples in quality
control laboratories since it is simple, with mimim sample manipulation, less time
consuming and able to detect cross-contaminatiothe@tmaximum residue levels

legislated.

4. Conclusions

DESI-HRMS has been shown to be an effective apprdacthe screening of
veterinary drugs in cross-contaminated feedstuffsminimal sample manipulation
based on a simple extraction procedure (acetanitrdter 80:20 v/v acidified with 1%
formic acid) is proposed to analyse dusty homogehised samples. Among the DESI
working parameters optimized using nine represemtateterinary drugs, the most
critical ones for the feed extract analysis weeedhbstrate and the DESI solvent. PTFE
substrate and acetonitrile:water (80:20 v/v) as Déeffrent provided the highest signal
intensity. Although ion suppression due to matiflees was observed, the sensitivity
achieved by DESI-HRMS was enough to identify veimry drugs as cross-
contamination above the legislated levels. Datauiaed in high resolution mass
spectrometry (70,000 FWHM), processed and intetembawith the custom-made
database provided the identification of cross-amittation of non-target veterinary
drugs based on accurate mass measurements anpeissiister fit from HRMS full
scan spectra. The results obtained in the feedIsaanplysis correlated well with those
found by UHPLC-MS/MS and demonstrate the potentitlthe DESI-HRMS as
screening method to identify cross-contaminatedided#fs reducing the number of
samples to be quantified by UHPLC-MS/MS in quatibntrol laboratories.
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576  Figure captions

577 Fig. 1 DESI-HRMS (+/-) full-scan mass spectrum of a sddnixture with nine representative
578 veterinary drugs. DESI solvent: acetonitrile/wd®&0:20,v/v); sample volume: 2 pL; sample
579 substrate: PTFE

580 Fig. 2 Effect of the DESI solvent nature (a) and the petage of acetonitrile in the DESI-
581 HRMS signal for some representative veterinary slrug

582 Fig. 3DESI-HRMS full scan spectrum obtained from a nargSiAR) medicated feed (37 ug g
583 1 cross-contaminated with monensin (MON) (3.5 ifjy g

584

585

586
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587 Table 1.Screening results
588
DESI-HRMS “quaniication”
screening (MRL)®
Sample Detected LOD" Exact mass Accurate lon Elemental Mass Isotopic (g gh
antibiotics (g §Y) (m/2) mass assignment composition accuracy  cluster
(m/z) (ppm) fit (%)
Medicated feed
MF1 Lincomycin 407.2210 407.2205 [M+H] (C1eH3eN06S) 1.3 95 107
MF2 Monensin 693.4184 693.4169 [M+Na] (Cs¢He:011Na) 2.2 89 100
MF3 Monensin 693.4184 693.4184 [M+Na] (CseHe:011Na) 0.1 92 87
MF4 Narasin 787.4967 787.4947 [M+Na]  (C43H7,01:Na) 25 88 44
MF5 Narasin 787.4967 787.4952  [M+Na]  (C,:H7;01:Na) 1.9 84 37
Monensin 0.5 693.4184 693.4167 [M+NAg] (Cs¢He2011Na) 2.5 80 3.5%(1.25)
Non-medicated feed
BF1 Florfenicol 0.7¢ 379.9897  379.9891 [M+Na]* (C1H1ClLFNO,SNa) 1.5 80 7.0
BF2 Salinomycin 0.¢ 773.4810 7734794  [M+N&]  (CiH70uNa) 2.1 86 20* (0.7)
Amoxcillin 15¢ 364.0973 n.d. [M-H] (CreH10sN3S) 0.13
Tiamulin 0.5 494.3299 n.d. [M+H] (CoeH4gNO,S) 0.11
BF3 Oxytetracycline 0.5 461.1555 461.1546 [M+H] (Cy2H2:N,00) 1.9 93 6.3
BF4 Decoquinate 04 440.2407 440.2412  [M+N%] (CoaH3:NO:Na) 1.1 91 5.0* (0.4)
BF5 Decoquinate 04 440.2407 4402410 [M+N&]  (CpH3:NOsNa) 0.5 89 3.3 (0.4)
BF6 Lasalocid 0.4 613.3711 613.3705 [M+N&]  (CaHsOgNa) 1.0 80 0.45 (1.25)
Decoquinate 440.2407 n.d. [M+Na]  (CyH3:NOsNa) 0.21 (0.4)
BF7 Narasin 0.5 787.4967 787.4957  [M+N4] (CyaH7,011Na) 1.2 84 1.3*(0.7)
BF8 Tiamulin 0.5 494.3299 4943288  [M+H] (CoeH4eNO,S) 2.1 86 1.6
Amoxicillin 15°¢ 364.0973 n.d. [M-H] (CreH10sN3S) 0.80
BF9 Narasin 0.5 787.4969 787.4955  [M+N8g] (CszH701:Na) 15 89 2.1*(0.7)
Nicarbazin 301.0573 n.d. [M-H] (C1gH1606Ng) 0.42 (1.25)
BF10 Narasin 0.5 787.4969 787.4967  [M+N4] (CyaH7,01:Na) 1.3 91 29* (0.7)
BF11 Tiamulin 0.5 494.3299 4943297  [M+H] (CoeH4eNO,S) 0.4 83 1.7
Doxycycline 1.7 463.1711 463.1714  [M+H] (CazH2N,00) 0.6 94 7.2
Amoxcillin 15°¢ 364.0973 n.d. [M-H] (C1eH160sN3S) 2.0
BF12 Decoquinate 04 440.2407 440.2413  [M+N%] (CoaH3:NO:sNa) 1.2 88 5.0* (0.4)
BF13 Narasin 0.8 787.4967 787.4964  [M+N4] (CyaH7,01:Na) 0.3 83 1.7* (0.7)
Monensin 0.5 693.4184 693.4187  [M+N#g] (CaeHez01:Na) 0.3 84 1.6* (1.25)
Robenidine 334.0621 n.d. [M+H] * (CreH1<CloNg) 0.32 (0.7)
Diclazuril 1°¢ 404.9718 n.d. [M-H] (C17HgCl305Ny) 0.01* (0.01)
BF14 Amoxicillin 15° 364.0973 n.d. [M-H]- (C1eH1c05N3S) 0.17
Tiamulin 0.5 494.3299 n.d. [M+H] * (CoeH4eNO,S) 0.50
BF15 Oxibendazole 0% 250.1186 250.1188  [M+H] (CrzH1eN303) 0.13
BF16 Amoxcillin 15° 364.0973 n.d. [M-H] (CreH10sN3S) 0.17
Lincomycin 0.5 407.2210 n.d. [M+H]* (C1eH3sN206S) 0.25
Oxibendazole 0.5 250.1186 n.d. [M+H]* (C12H1eN303) 0.20
Tiamulin 0.5 494.3299 n.d. [M+H] * (CoeH4eNO,S) 0.18
BF17 Amoxcillin 15° 364.0973 n.d. [M-H] (CreH10sN3S) 0.15
Lincomycin 0.5 407.2210 n.d. [M+H]* (C1eH3=N,06S) -—-- 0.39
BF18 Nicarbazin 301.0573 n.d. [M-H]~ (C1gH1606Ng) 0.16 (1.25)
589 #Maximum residue levels legislated in Directive BW1/EC.
590 ® |imits of Detection (LOD)alculated by DESI-HRMS
591 °LODs estimated by spiking blank feed extracts wttmdards
592 4LODs calculated taking into accound the concemtralével quantified by HPLC-MS/MS
593 * (MRL)
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